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Accomplishments: 

An error model attempts to include all estimatable sources of mechanical error. 
Design features were introduced to reduce or eliminate major sources of error. 



SUMMARY 



Accomplishments: An error model attempts to include all estimatable sources of mechanical error 

which fall into two categories: cable guide errors, bearing friction errors. 


Estimates of positional error for the first prototype ranged from .5" to nearly 3" as the radial 
distance approached the limit of 72" for the device. Since the goal is an error on the order of .050" 
at a radial distance of 24", this is clearly unacceptable. 
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APT-MS is the brain child of Eduardo Lopez. Concept investigation of mechanical aspects was 
initiated 6/94 by N.S.Malladi [1], followed by work of E.Lopez and R.Bennett since then [2,3]. 
During that time an earlier hardware prototype was built and tested [2], primarily to develop the 
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An error model attempts to capture as many of the contributing effects as possible. Information from 
several bearing vendors contributed to the model. Computations reflect those methods that consider 
the somewhat more complicated and variable static loadings and geometry of this bearing application. 
Computations using MathCad 5.0 are displayed on the following pages: 
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ERRORS from Rotational Resistance 






APT -MS 





ROTATION RESISTANCE 


Rolling Resistance of Bearing Ball 


I 





00 


si 

Q 

0 

2 

% 

1 

W 


CN 



*8 


3 

c 

o 

9 

o 


e 

o 


<D 

O 


.a 

TD 


cd 


<o 


M 

9 

4-4 

O 

<U 

W) 

o 


2 5 


<N 


OQ 


<D 


<U 


£ -1 

£ 

a 

00 T3 

•S s 

.s 


o . 

a 

<D 

oo -4 

fi 1 
«2 § 

(4 

u 

13 

e3 

a 

-a 

o -a 

g 

W> 

• H 

H 5 

£ 

<u 

* 


1 

7HL 

3 

a 

o 


o 

-c 


<L> 

J 

T3u 

>> 

i 

X 


c 

o 

\d 

8 

S2 

B 

.3 

S 

o 


o 

<D 

t— 4 

DXj 


CD 


Pitch angle must be limited since the error in rotational position measurement about the z-axis 
becomes unbounded as the pitch approaches 90degrees. 
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Rolling resistance can be reduced in various ways: reduce factor f ; increase bearing separation c; 
reduce component weights; increase cable tension; etc. 
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teflon to reduce friction. Likewise the studs on which they are mounted are identical. Roller studs 
are mounted on the cage in " T " slots so their position can be adjusted to accommodate a range of 
cable and roller diameters. Thread on the snap ring groove end of the studs serves only to sc cure the 
outer (radial direction) roller cavity dust cover and has no function in the inner roller location. 
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Cable drum 3 and components are detailed in Figure 3-4. Explanation of the crater like feature 
opposite the left end of the shaft may be appropriate. When Drum 3 and Cage 2 are being 
assembled, the spring 4 is inaccessible and invisible. The crater fits over the right end of spi ing post 
5 forcing the spring against the base of the post at its left end thus centering it in the spring cavity. 
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bearing parameters that would help. Reducing component weights helps. Increasing tension reduces 
the effect of component weights. Tension appears to be neutral in effect, with rolling resistance being 
offset by greater turning force at the cable guide. Increasing the length " 1 " from bearing axis to cable 
guide exit is an easy way to improve performance. 
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